Diphyllin-7′-O--D-glucoside, a podophyllotoxin derivative, was isolated from the roots of Dysosma versipellis. The 1 H and 13 C NMR spectra acquired at 300 K exhibited doubling of signals, suggesting the existence of two rotamers in solution. Variable-temperature 1 H NMR experiments indicated a dynamic exchange process between the two rotamers. DFT calculations verified nearly equal energies for the two rotamers about the single bond C7′-O7.
Atropisomerism is a stereochemical phenomenon arising from restricted rotation about a single bond [1] . According to different rotation energies, the interconversion half-lives (T 1/2 /t 1/2 ) for racemization can be from nanoseconds to several years [2] . The atropisomers with rotation barriers less than 20 kcal/mol can be observed by spectroscopic methods (e.g. NMR or chiral HPLC) [3a, 3b] . Podophyllotoxin derivatives, belonging to the aryltetralin lignin group [4] , possess anticancer properties [5] . In our previous study, we carried out a systematic chemical investigation of Dysosma versipellis (Hance) M. Cheng, leading to the isolation of a series of podophyllotoxin type lignans [6] . Diphyllin-7′-O--D-glucoside (1, Figure 1 ), one of our isolated podophyllotoxins, showed previously unreported doubling of signals in its NMR spectra at 300 K, reflecting the existence of two rotamers. A variable-temperature 1 H NMR experiment and theoretical calculation were used to investigate the reasons for the signal doubling phenomenon of compound 1. Figure 1 . Comparison of the NMR spectra of compound 1 with those of its aglycone, diphyllin (2) (Figure 1) , showed that the latter compound did not show duplicated signals, which suggested that the hindered rotation was about the single bond C7′-O7 owing to the existence of the large blockage from the sugar unit at C-7, which gives rise to the atropisomerism phenomenon in 1. Also, the pattern of duplication of the proton signals in the 1 H NMR spectrum at 300 K indicated that there should be two rotamers with nearly equal energies separated by a rotation barrier about the O-glycoside bond, which prevented a fast exchange at room temperature. In order to verify this hypothesis, variable-temperature 1 H NMR experiments were carried out ( Figure 2 ). Using the anomeric proton (H-1) as a marker, the two rotamers can still be detected at 313 K. When the temperature rose to 323 K, the duplicated signals had broadened and moved closer to each other. At 333 K, a pair of signals coalesced to a broad doublet, which became much sharper at 343 K. This coalescence of signals can also be observed in other proton signals in the downfield region (H-2, H-5, H-6, H-2, H-5 and H-9b). Then we performed DFT calculations to confirm further our proposal (Figure 3) . We located the two rotamers (A and B) of compound 1 with different orientations of the sugar unit. The free energies of A and B are nearly equal (with a difference of 0.1 kcal/mol), agreeing well with the experimentally observed paired states (TS1 and TS2) of this process with different direction of rotation. The lowest rotation barrier is only 6.2 kcal/mol in line signals with a ratio of 1:1. By rotation of bond C7-C7, A and B can be converted one into the other. We located two transitions with the variable-temperature 1 H NMR experiments. In the structure of TS1 and TS2, the distance between H-1 and H-2 and between H-1 and H-9 is only 1.89 and 2.17 Å, respectively, implying steric interactions between the sugar unit and the aryltetralin skeleton. It is these interactions that hinder the rotation of bond C7-C7 at room temperature, but it can rotate rapidly at a higher temperature.
For the first time, we report an atropisomerism phenomenon in the podophyllotoxin derivative, diphyllin-7′-O--D-glucoside, which was verified by variable-temperature 1 H NMR experiments. DFT calculations revealed that two minimum energy conformers were prevented from fast exchange about the O-glycoside bond at room temperature by a relatively high rotation barrier.
Experimental

Spectra and theoretical calculation:
The NMR spectra were acquired with a Bruker AV 400 spectrometer. Density functional theory (DFT) calculations were carried out using the Gaussian 09 program as reported [7] . The hybrid density functional B3LYP [8] was used in combination with the standard 6-311G (2d, p) basis set [9] . All structures were fully optimized in the gas phase. Vibrational analyses at the same level of theory were performed to confirm each stationary point to be either a local minimum or a transition state (TS), and to obtain thermal corrections. The connection of each TS to its corresponding reactant and product was confirmed by IRC (intrinsic reaction coordinate) calculations [10] . Reported energies are relative Gibbs free energies in gas phase at 298 K. All the structures were drawn by CYLview.
Plant material:
The roots and stems of Dysosma versipellis were purchased from Qingping Medicine Market in Guangzhou city, PR China in July 2014, and authenticated by Prof. Guang-Xiong Zhou (Jinan University, Guangzhou, China). A voucher specimen (No. 2014071301) was deposited at Jinan University, Guangzhou, China.
Supplementary data: 1D and 2D NMR spectra of compound 1, and 1 H and 13 C NMR spectra of compound 1, as well as the initial 3D structure of compound 1 are available.
